Objective: A systematic review found lthat an average of 27% of rheumatoid arthritis (RA) patients using tumour necrosis factor (TNF) inhibitors discontinue their treatment within 1 year. The aim of this study was to assess drug survival on TNF inhibitors among patients with RA. Methods: Patients were identified from the National Register for Biologic Treatment in Finland (ROB-FIN), which is a longitudinal cohort study established to monitor the effectiveness and safety of biologic drugs in rheumatic diseases. Inclusion was limited to TNF-inhibitor treatments started as the patient's first, second, or third biologic treatment between 2004 and 2014. Follow-up was truncated at 36 months. The results of a time-dependent Cox proportional hazards model were reported as adjusted hazard ratios (HRs) with 95% confidence intervals (CIs). Results: Of the 4200 TNF-inhibitor treatment periods identified from ROB-FIN, 3443 periods from 2687 patients met the inclusion criteria. Twenty-seven per cent of the patients discontinued their treatment within 12 months. Infliximab (HR 1.8, 95% CI 1.3-2.5) and certolizumab pegol (HR 1.7, 95% CI 1.2-2.3) had lower drug survival compared to golimumab. A similar trend was seen with adalimumab (HR 1.2, 95% CI 0.90-1.7) and etanercept (HR 1.2, 95% CI 0.87-1.6). Concomitant use of methotrexate (MTX) was associated with improved drug survival (HR 0.76, 95% CI 0.64-0.90) in comparison with TNF-inhibitor monotherapy. Conclusions: Golimumab was better in terms of drug survival than infliximab or certolizumab pegol and at least as good as adalimumab and etanercept. Concomitant use of MTX improved drug survival on TNF inhibitors.
Treatment with tumour necrosis factor (TNF) inhibitors may have to be discontinued for various reasons, of which the most common are adverse events and lack of effectiveness (1, 2) . A systematic review in 2016 found that an average of 27% and 37% of rheumatoid arthritis (RA) patients on TNF inhibitors discontinue their treatment within 1 and 2 years, respectively (2) . Another systematic review including 26 randomized controlled trials (RCTs) found that etanercept may have to be discontinued owing to adverse events less frequently than other TNF inhibitors, except for golimumab (1). Many, but not all, previous observational studies have found the drug survival on infliximab to be inferior to that on either etanercept or adalimumab (2) (3) (4) (5) (6) (7) (8) .
As far as we know, only one prior study has compared golimumab and certolizumab pegol in an observational setting (9) .
Concomitant treatment with methotrexate (MTX) or other conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs) has been shown to reduce the risk of discontinuing TNF-inhibitor therapy in both RA and ankylosing spondylitis in a number of previous studies (2-5, 7, 10) . This effect may be mediated by both improved effectiveness and a decreased risk of developing anti-drug antibodies (ADAs). Besides concomitant csDMARD therapy, age, gender, comorbidity, baseline disease activity, presence of rheumatoid factor (RF), and prior csDMARD therapy have been identified as possible predictors of drug survival (2-6, 8, 11) .
The aim of this study was to assess the drug survival on TNF inhibitors including golimumab and certolizumab pegol among patients with RA. We sought also to analyse the effect of concomitant non-biologic treatment on the treatment persistence.
Material and methods

Patients
Patients were identified from the National Register for Biologic Treatment in Finland (ROB-FIN), which is a longitudinal cohort study with data dating back to 1999 and was established to monitor the effectiveness and safety of biologic disease-modifying anti-rheumatic drugs (bDMARDs) in rheumatic diseases. Inclusion for this study was limited to TNF-inhibitor treatments started as the patient's first, second, or third bDMARD treatment between 2004 and 2014. Follow-up data were available until the end of 2015; however, follow-up of individual treatment periods was truncated at 36 months. The primary endpoint of this study was the discontinuation of TNF-inhibitor therapy for any reason within the follow-up time. Patients lost to follow-up were censored from the survival analyses. The number of hospital days for any cause and outpatient visits for reasons outside the International Classification of Diseases, 10th revision (ICD-10) M-class in the 24 months before treatment onset were calculated based on data from the Finnish Hospital Discharge Register.
Statistical methods
Missing baseline data were imputed by multiple imputation with predictive mean matching and 10 imputed data ( 
Results
Of the 4200 TNF-inhibitor treatment periods identified from ROB-FIN, 3443 periods from 2687 patients met the inclusion criteria, accumulating a total of 5695 patient-years.
Baseline characteristics of the patients in the study are shown in Table 1 . Etanercept, adalimumab, infliximab, golimumab, and certolizumab pegol were used by 1359 (39%), 1353 (39%), 336 (9.8%), 200 (5.8%), and 195 (5.7%) patients, respectively. MTX (57%), hydroxychloroquine (32%), and sulfasalazine (26%) were the most commonly used csDMARDs at the baseline of TNF-inhibitor treatment, while at least one concomitant cDMARD was used by 86%. Glucocorticoids were used by 69%, with a median prednisolone equivalent daily dose of 5.0 mg (interquartile range 5.0-7.5). Median baseline age and Disease Activity Score based on 28-joint count (DAS28) score were 55 years and 3.8, respectively, and 74% of the included patients were women. The amount of missing data varied from 0% to 31% across the variables in the data set. The proportion of patients lost to follow-up within 3, 6, 12, 24, and 36 months was 8.7%, 12%, 16%, 25%, and 30%, respectively.
Based on Kaplan-Meier survival analysis, the probability of discontinuing the treatment within 6, 12, 24, and 36 months was 16%, 27%, 37%, and 43%, respectively. Drug survival was better among the patients with no prior bDMARD therapy than among those using TNF inhibitors as their second or third bDMARD. Certolizumab pegol (41%) and infliximab (38%) were associated with higher probability of treatment discontinuation within 12 months compared to adalimumab (25%), etanercept (25%), and golimumab (25%) ( Table 2 ). Data are shown as % (95% confidence interval). bDMARD, biologic disease-modifying anti-rheumatic drug.
Drug survival on TNF inhibitors in RA
Variables included in the adjusted model, along with their respective correlation coefficients and confidence intervals, are presented in Supplementary Table S1 . The interaction terms between TNF inhibitors and csDMARD or glucocorticoid use were not statistically significant and were not included in the final model.
The results of the model suggest that infliximab (HR 1.8, 95% CI 1.3-2.5) and certolizumab pegol (HR 1.7, 95% CI 1.2-2.3) had lower drug survival compared with golimumab. Similar although statistically non-significant trends were seen with adalimumab (HR 1.2, 95% CI 0.90-1.7) and etanercept (HR 1.2, 95% CI 0.87-1.6) compared with golimumab. Concomitant use of MTX with or without any additional csDMARDs was associated with improved drug survival (HR 0.76, 95% CI 0.64-0.90) compared with TNF-inhibitor monotherapy. Glucocorticoid use was associated with a worsening of the survival on TNF-inhibitor therapy (HR 1.4, 95% CI 1.2-1.6) (Figure 1 ).
Discussion
Our results showed that there were notable differences in drug survival on different TNF-inhibiting agents. Golimumab was associated with better drug survival than infliximab and certolizumab pegol, but did not statistically significantly differ from adalimumab and etanercept. Dalén et al found golimumab to be better in treatment persistence compared with etanercept and adalimumab, yet similar to certolizumab pegol (9) . Their study did not, however, include information on the patients' disease activity, which may have confounded the results. Nevertheless, the results of RCTs provide some support for these findings (1). The overall rates of treatment discontinuation were similar to those observed in a recent systematic review based on prior drug survival studies (2) .
Concomitant use of MTX was associated with improved treatment persistence on TNF inhibitors, which is in accordance with many previous studies (8) . This effect is likely to be mediated by improved treatment effectiveness, which in turn encourages both the patient and physician to continue the treatment. Although the formation of ADAs, or the absence thereof, may play a role in drug survival, the fact that MTX also improved the drug survival of etanercept suggests that the bulk of the effect is due to other reasons (12, 13) . Despite adjusting for confounding in the regression analysis, the possibility of residual confounding remains. In particular, those patients who are willing to continue using MTX despite its rather common adverse effects may also be more adherent to their treatment with TNF inhibitors. Similarly, it seems plausible that patients who do not require the use of oral glucocorticoids have a better prognosis for reasons other than the glucocorticoid treatment itself.
The formation of ADAs was not routinely monitored during the follow-up period. Regretfully, we were unable to analyse the reasons for TNF-inhibitor discontinuation as this information was too infrequently reported in our data. We do, however, expect the distribution of reasons to be similar to that reported from Sweden, with the possible difference of discontinuing infliximab treatments for financial reasons in favour of the self-injectable TNF inhibitors reimbursed by the Social Insurance Institution instead of the hospital (7). Our data on the patients' comorbidities and general health status were incomplete and, hence, we used hospital treatments and outpatient visits to specialized healthcare facilities as a substitute. Unlike in the Swedish study (7) , neither the number of hospital days nor outpatient visits predicted drug survival at all.
We did not find statistically significant effect modification between individual TNF inhibitors and either concomitant csDMARDs or glucocorticoids, and therefore our results on the effect of concomitant treatment on drug survival apply to all five TNF inhibitors.
In conclusion, we found that golimumab was better in terms of drug survival than infliximab or certolizumab pegol and at least as good as adalimumab and etanercept. Concomitant use of MTX improved drug survival on TNF inhibitors, whereas the opposite was true for glucocorticoids.
